Brain glutamine synthetase increases following cerebral ischemia in the rat.
Changes in astrocyte glutamine synthetase (GS) in postischemic rat brain were evaluated and correlated with regional neuronal vulnerability or resistance to ischemia. Rats subjected to 20 or 30 min of cerebral ischemia were allowed to survive for 3 or 24 h after ischemia; normal animals served as controls. Resultant neuronal necrosis was severe in the striatum by 24 h and in the CA1 region of the hippocampus at 72 h; neurons in paramedian cortex and CA3 region of the hippocampus were not permanently damaged. Glutamine synthetase (GS) immunocytochemistry was performed on vibratome sections of paraformaldehyde-fixed brains and enzyme activity was assayed in frozen samples of cerebral cortex, striatum and hippocampus. At 3 and 24 h after ischemia, GS immunoreactivity increased and was secondary to enlargement of GS-positive cell bodies and processes as well as to increased numbers of GS-positive astrocytes. Enzyme activity also increased in cortex, striatum and hippocampus at 3 and 24 h (P less than or equal to 0.03). This study shows that increase in astrocyte GS occurs rapidly after ischemia, and prior studies indicate that this increase occurs in parallel with proliferative changes in astrocyte organelles. The results also suggest that astrocyte metabolism of glutamate increases after ischemia. The increased capacity for glutamine synthetase may be important in normalizing extracellular glutamate following ischemia and protecting brain from the neurotoxic effects of this excitatory amino acid.